On earth, there are about 5,400 kinds of mammals, of which about 1,000 kinds are herbivores. Among herbivores, about 250 kinds are known to be ruminants. As for cattle and sheep, which are ruminants, fermentation takes places mainly in their rumen; in contrast, for pigs and men, which are non-ruminants, fermentation takes place mainly in their caecum, colon, and rectum. As for the kind and dominance of rumen microorganisms, Bacteroidetes account for 51% and Firmicutes for 43%. As for the dominance of the large intestine microorganisms in men, Firmicutes account for 65% and Bacteroidetes for 25%. Cell wall components are decomposed by microorganisms, and short chain fatty acids (SCFAs) are generated through fermentation; the ratio of acetate, propionate, and butyrate generate is 60:25:15. Butyrate absorbed through the primary butyrate transporter MCT1 (mono carboxylate transports-1) in the intestines activates such SCFA receptors as GPR43 and GPR41. Butyrate has a strong anti-tumorigenic function. Butyrate is characterized by the fact that it has an effect on many cancer cells, contributes to the coordination of functions in the cells, and induces cancer apoptosis. Butyrate activates caspase but inhibits the activity of HDAC (histone deacetylase), so as to induce apoptosis. In addition, it increases p53 expression, so as to induce cell cycle arrest and apoptosis. Anti-inflammation actions of SCFA include the reduction of IL-8 expression in intestinal epithelial cells, the inhibition of NO synthesis, and the restraint of the activity of NF-kB (nuclear factor kB), so as to suppress the occurrence of cancers caused by inflammation. Butyrate plays an important role in maintaining physiological functions of intestinal mucous membranes and is used as a cure for inflammatory bowel disease (IBD). Digestive organ of ruminant and mono-gastric animals Ruminants are referred to as so because of their rumination or special digestive organ (the stomach), in which cud can be chewed. Ruminants are the most advanced animals of ungulates and the most multiplied and prevalent throughout the world. They have a rumination, which is a very peculiar digestive organ and possibly enables them to have survived poor vegetation conditions, allowing them to flourish greatly. The stomach of all ruminants is divided into four compartments including the rumen, reticulum, omasum, and abomasums (of which rumen and reticulum are involved in rumination and called rumen). Rumination is a process in which food, once swallowed, is emitted back unto the mouth for re-chewing; of feeds returned into reticulum via rumen, those of which over a certain size will be returned again into rumen, accumulated, and regurgitated to the mouth. The regurgitated feeds will be smashed finely between molar teeth and mixed with saliva in the mouth, then returned to rumen for fermentation. Ruminants include cattle, sheep, goats, deer, musk deer, giraffes, and impalas.
Digestive organ of ruminant and mono-gastric animals
Ruminants are referred to as so because of their rumination or special digestive organ (the stomach), in which cud can be chewed. Ruminants are the most advanced animals of ungulates and the most multiplied and prevalent throughout the world. They have a rumination, which is a very peculiar digestive organ and possibly enables them to have survived poor vegetation conditions, allowing them to flourish greatly. The stomach of all ruminants is divided into four compartments including the rumen, reticulum, omasum, and abomasums (of which rumen and reticulum are involved in rumination and called rumen). Rumination is a process in which food, once swallowed, is emitted back unto the mouth for re-chewing; of feeds returned into reticulum via rumen, those of which over a certain size will be returned again into rumen, accumulated, and regurgitated to the mouth. The regurgitated feeds will be smashed finely between molar teeth and mixed with saliva in the mouth, then returned to rumen for fermentation. Ruminants include cattle, sheep, goats, deer, musk deer, giraffes, and impalas.
Pseudo-ruminants have a similar stomach to rumen in which microorganism fermentation takes place, but their stomach is composed of three compartments since omasum and abomasums are not specialized. Pseudo-ruminants include animals that belong to the family of camel (camel, lama, and alpaca) and the family of chevrotain (chevrotain and mouse deer). Non-ruminant herbivores are animals that are herbivores and have not developed rumen (but the caecum and others have), with which fiber materials are digested and fermented for gaining nutriments. They include horse, rabbit, elephant and hippopotamus [94] .
When ruminants eat food they chew the cud, which is a process for earning energy from cell wall substances (cellulose) of plants. In other words, cellulose is finely crushed and decomposed through microorganisms in rumen, and -Review - Table 1 . Relative area of digestive intestines where fermentation takes place in each animal (%) [12] Animal Rumen Caecum Colon/rectum  Total  Cattle  64  5  5~8  75  Sheep  71  8  4  83  Pig  -15  54  69  Man  -32  29  61 it is metabolized to be used as an energy source. Until the present, a focus has been placed only on the fermentation taking place in rumen of ruminants in relation to the digestion process. However, as can be seen in Table 1 , much of the fermentation takes place not only in rumen of cattle but also in the caecum, colon, and rectum of pigs and men. An investigation was made into the ratio of intestines versus all digestive intestines where fermentation takes place, and it was found that the ratio is 83% for sheep, 75% for cattle, and 69% and 61% for pig and man, respectively, which are mono-gastric animals. The fermentation takes place mainly in rumen of ruminants like cattle and sheep, while it takes place mainly in the caecum, colon, and rectum of mono-gastric animals such as pigs and men. More than we have conceived, the fermentation takes place in digestive intestines of pig and man. Since a lot of fermentation takes place in men, the concept of dietary cellulose for adjusting the fermentation in intestines appeared long ago to maintain the health of the digestive organs of men, and the importance of the concept is steadily increasing. Many microorganisms exist in each digestive intestine and they have an effect on the health of the intestines including the damage, development, and digesting & absorbing abilities of intestinal epithelial cells; therefore, it is very important to maintain the health of the intestines with the help of intestinal microorganisms [90] . Moreover, obesity may be induced by such microorganisms that are dominant in the intestines.
Checking of the kinds of microorganisms existing in the intestines of obese patients, Firmicutes accounts for more than 90% and Bacteroidetes no more than 3%; Bacteroidetes accounts for 30% in men whose body weight is normal. As obese men lose their weight by means of dietary adjustment, intestinal
Bacteroidetes increases and Firmicutes decreases while the intestines of the men resemble those of slender men [55] .
Ruminant microorganisms
It is known that more than 200 kinds of rumen bacteria number 10 10~1 0 11 per ml and account for more than 50%
of the total quantity of microorganisms. Rumen bacteria primarily secrete such enzymes that can digest the cellulose of grass feed, and their life is 20 minutes~3 hours. Protozoa are larger than bacteria and exist in gastric juice in the number of 10 6 per ml, accounting for 50% of the total quantity of microorganisms and 2% of the contents in the stomach. The rumination can be operated without protozoan but function more smoothly with protozoa. Protozoa undertake about 20~40% of starch digestion and are thoroughly anaerobic, with a lifespan of 8~36 hours. Fungi account for 8% of the total quantity of microorganisms and are important microorganisms that stick to plants and decompose cellulose. They disintegrate a small quantity of lignin into small particles, so that bacteria may digest them and have high activity in cellulose and hemicellulose; their germination cycle is 24 hours [94] . In order to identify the kind and dominance of rumen microorganisms, 16 Holstein cows were bred in the same conditions, then DNA was extracted from rumen microorganisms and applied with a pyrosequencing technique in which V2 and V3 regions of 16s rRNA were amplified. As result, it was found that Bacteroidetes existed in the ratio of 51%, Firmicutes 43%, Proteobacteria 5.21%, Actinobacteria 0.87%, and Tenericutes 0.68% [44] .
Microorganisms in the intestines of men 500~1,000 kinds of microorganisms live in the intestines of adult men. From the stomach down to the large intestine, increasingly more anaerobic microorganisms live; from the stomach upwards, increasingly more aerobic microorganisms live. Microorganisms exist in the stomach in the amount of 10² cfu/ml, in the duodenum 10 1-3 cfu/ml, in the jejunum 10 3-4 cfu/ml, in the ileum 10 7-9 cfu/ml, and in the large intestine 10 10-12 cfu/ml. Fiber material of food taken into the body is fermented in the large intestine and produces SCFAs (Fig. 1) [18, 21, 28] . As can be seen in Fig. 1 , compared to the other digestive organs, microorganisms exist in the large intestine the most. According to a recent study that conducted a biopsy into the fecal and the large intestine of men, 9 kinds of microorganisms (Firmicutes, Fig. 1 . Key physiologic and microbiological features of the gut [21] . Relative concentrations of bacteria and the pH at various locations within the adult gut are also noted. cfu: colony forming unit.
Bacteroidetes, Actinobacteria, Fusobacteria, Proteobacteria, Verrucomicrobia, Cyanobacteria, Spirochaetes, and Vadin BE 97) exist in terms of the phyla [3, 18] ; and as for the dominance of microorganisms, Firmicutes accounts for 65%, Bacteroidetes 25%, and Proteobacteria, Actinobacteria, and Fusobacteria account for the remaining 10% [1, 17, 24, 85] .
Microorganisms that decompose polysaccharide
In omnivorous mammals (i.e., men), less than 10% of energy is generated through the fermentation in the large intestine, but microorganisms in the large intestine play a very important role for the health of omnivorous animals.
Microorganisms generate butyrate, which is a SCFA and prevents colon cancer in mice and men [60, 68] . Bacteria in the large intestine bring on various metabolic changes and many mutual actions, which involve immune actions of the host [23, 38] . which is a storage polysaccharide, resistant starch (RS) which is a polymer protecting cell walls, and xylan and pectin which are cell wall polysaccharides. Therefore, there are a greatly increasing number of microorganisms that can decompose polysaccharides. As seen in Fig. 2 , it was found Fig. 2 . Polysaccharide-degrading bacteria in the ruminant and human gastrointestinal tracts [27] . The major sites of microbial breakdown of dietary polysaccharides, which also support the highest densities of bacteria, are the rumen in ruminant animals and the large intestine in humans. Examples of cultured polysaccharide-degrading species are shown for these sites, together with the phylum to which they belong (Firmicutes or Bacteroidetes) and their characteristic polysaccharide-utilizing abilities.
Much of the diversity remains undefined, however, and new species of polysaccharide-utilizing bacteria have been described recently in the human colon. C, cellulose; I, inulin; S, starch; X, xylan.
that, when polysaccharides such as cellulose, inulin, resistant starch (RS), and xylan are administered to cattle and men, different microorganisms increase in rumen and intestines depending upon the polysaccharide. Cellulolytic bacteria can decompose such polysaccharides as xylan, mannan, pectin, and cellulose; they do not employ the substances which are melted through decomposition but decompose cellulose so that other microorganisms may use it. For instance, hydrogen generated by polysaccharide decomposition bacteria is used by methanogens and acetogens to generate methane and acetate; when the hydrogen concentration is reduced, the generation of hydrogen is reduced because the amount of hydrogen-generated cellulolytic bacteria is increased. feed that cannot be digested by animals are attacked by various microorganisms and decomposed into a size to be absorbed through the stomach walls of cattle; generated microorganisms again enter into the small intestine, where they are decomposed by protein decomposition enzymes and used as a nutriment. The large intestine of non-ruminant herbivores (horse, rabbit, etc.) is an important portion that is digested by microorganisms. The most outstanding characteristic of herbivores, which use cellulose as an energy source, is that part of a specific intestine that is needed for microorganisms to ferment feeds is enlarged. The digestion of cellulose is totally dependent upon the activities of anaerobic microorganisms in the caecum and the colon. Most of the intestinal contents reach the large intestine within 3 hours after feed is taken; substances that are not digested in the small intestine are decomposed and fermented while they stay in the large intestine for a long time. Yet, since the substances pass through the large intestine faster in ruminants, the ability of herbivores to digest cellulose is inferior to that of ruminants [8, 9, 13] . Almost all SCFA's generated in rumen through the fermentation of carbohydrates are absorbed in rumen by means of simple dissemination, and the remainder is absorbed through reticulum and omasum. About 76% of SCFA's are absorbed in rumen and reticulum, 19% in omasum and abomasums, and the remaining approximate 5% in the small intestine. The speed for SCFA to be absorbed through rumen walls is affected by pH; when pH is low, SCFA is not ionized (HAc) and can be quickly absorbed and easily moved to blood. When pH is normal, the speed for SCFA to be absorbed is the greatest for butyrate, followed by propionate and acetate. When pH is alkaline, the absorption speed is reversed. It is known that, when pH is really high, the absorption speed is the same. SCFA absorbed in such a manner enters into the liver via the 1 st gastric vein and the portal vein [12] . Microorganisms prefer carbohydrate fermentation to protein fermentation; carbohydrate fermentation takes place dominantly in proximal colon, and protein fermentation takes place increasingly more as it nears the distal colon [4] . As dietary fiber is less fermented and consumed due to Western diets, if food or drink that include dietary fiber are ingested, the concentration of butyrate increases in the distal colon due to slow bacteria fermentation [91] . SCFA generated in the intestines of men accounts for 5~15% of energy [4] , and the concentration of butyrate in feces of men is 11~25 mM [34, 91] . The ratio for acetate, propionate, and butyrate to be generated in the intestines is 60:25:15 [34, 84] .
Since more than 95% of SCFA is absorbed in the intestines, it is much too difficult to determine the concentration of SCFA [88] .
SCFA exists in rumen of ruminants or the large intestine of non-ruminants in the approximate amount of 100mM. SCFA is generated as microorganisms ferment carbohydrates that are not digested from taken-in dietary fiber.
SCFA is absorbed into intestinal epithelial cells and has an effect on various functions of gastrointestinal tract. For example, it affects the hematocele of the large intestine, the absorption of moisture/electrolytes, the movements of the large intestine, and the transport of ions [46, 82] . SCFA generated via fermentation is absorbed through primary butyrate transporter MCT1 in the intestines, and GPR43 and GPR41 (SCFA receptors) are activated by absorbed SCFA.
GPR43 can be found in the intestines of man and mouse, and the expression frequency of GPR43 is the highest in intestinal epithelial cells, which are intestinal mucous membrane tissues [46, 47] . Mechanisms for SCFA to inhibit colon cancer are divided into two. When SCFA is at a low concentration, it is combined with GPR43, which is in plasma membrane and instigates multiple cellular signaling events, causing apoptosis. When SCFA is at a high concentration, it brings about direct cell membrane absorption, causing apoptosis (Fig. 4) . It can be confirmed that the expression frequency of GPR43 is reduced in cancer cell tissues; it is also confirmed that the expression frequency of GPR43 in malig- Fig. 4 . Schematic representation of the proposed role of GPR43 as a functional tumor suppressor in colon cancer [80] . The bacterial fermentation product of dietary fiber propionate inhibits colon cancer cell proliferation and induces apoptosis by two approaches: one through direct cell membrane absorption and the other through GPR43 activation of multiple cellular signaling events, leading to growth inhibition and apoptosis by influencing several key cell cycle regulators and caspases involved cell apoptosis activation.
nant colon adenocarcinoma tissue, colon hyperplasia and benign colon tumor tissue is reduced to 65% and 80%, compared to common tissues [81] . This result implies that the expression of GPR43 is reduced when colon cancer develops and progresses. Butyrate expresses GPR43, then inhibits the proliferation of colon cancer cell, and brings about apoptosis. it is similar with GPR43. GPR43 combines more with acetate while GPR41 combines more with propionate [81, 82] .
Anti-tumorigenic properties of butyrate SCFA plays an important role in maintaining physiological functions of intestinal mucous membranes [82] .
Although acetate takes the most part in SCFA, butyrate has a strong anti-tumorigenic function [14, 84] . When butyrate was in vivo and in vitro treated in the same concentration, it inhibited the multiplication and specialization of colon cancer cells [64] ; when the butyrate concentration was raised and applied to tumor-induced experimental animals, it was confirmed that apoptosis took place partially [14] . Butyrate is characterized by the fact that it has an effect on many cancer cells, contributes to the coordination of functions in cells, and induces cancer apoptosis ( [33, 45, 61] . Butyrate inhibits the activities of HDAC to increase histone acetylation [89] , and it reduces higher order chromatin folding to increase p21 transcription. Also, butyrate reduces the expression of miR-106b and many other miRNAs; since the miR-106b family inhibits p21 translation, after all, inhibiting the expression of miR-106b family will increase p21 translation. Consequently, butyrate generated from dietary fiber inhibits not only inflammation responses but also the generation of cancers (Fig. 5) [39] . Recent cancer research pays increasing attention to cancers generated due to epigenetic changes. In particular, recent research is related to HDACi (histone deacetylase inhibitors) and pays increasingly more attention to not only cancer cures but also chemoprevention (cancer generation prevented through the use of foods and/or drugs). Genetic defects can be restored in epigenetics. HDACi change the acetylation of chromatin and [39] . Butyrate inhibits HDAC, allowing increased histone acetylation, decreased higher order chromatin folding, and increased transcription of p21. Butyrate also decreases the expression of miR-106b, and several other miRNAs with the same seed sequence region. The miR-106b family inhibits p21 translation, and therefore decreased expression of the miR-106b family leads to increased p21 translation.
other proteins, resultantly alter the expression of genes, induce apoptosis, arrest cell cycle, and inhibit the angiogenesis and transition of cancer cells [57, 68] . However, action modes of HDACi at the level of their molecules [51, 92] cannot be satisfactorily explained to cancer patients. SCFA (butyrate) activates HDACi even at a low concentration (mM) and inactive genes in cancer cells. Examples are p21, which is a cell cycle inhibitor, and BAK (Bcl-2 homologous antagonist/killer), which induces apoptosis. Butyrate activates these genes in common cells as well [16] . In Table 4 , according to the results of most studies conducted on various fatty acids, butyrate induces apoptosis [26] .
Regulation of Inflammation by butyrate
Anti-inflammation actions of SCFA include reducing the expression of IL-8 [29] and inhibiting the synthesis of NO in intestinal epithelial cells [77] . Butyrate inhibits the activities of NF-kB, which has an effect on the generation of cancers caused by inflammation. An example is ulcerative colitis, which is an inflammatory bowel disease [34] . Butyrate activates GPR109A, GPR41, and GPR43, which are receptors of medium chain fatty acids [31] . Many studies have found physiological and pathological conditions of intestinal microorganisms and demonstrated that microorganisms and their products play an important role in the gastrointestinal tract, adipose tissue, immune system, and nervous system [20, 59, 87] . When the distribution of intestinal microorganisms is changed, the concentration of substances that are generated and secreted by microorganisms is changed, which contributes to conditions in which illnesses may break out, such as IBD, colon cancer, obesity, and type 1&2 diabetes [18, 59, 87, 88] . The SCFA concentration in the gastrointestinal tract and blood is effective to prevent such diseases as IBD, cancer and diabetes [20, 34, 59, 86] . Of SCFA's, butyrate coordinates the proliferation and differentiation of cells and is involved in immunity and inflammation reactions [89] . In vitro, SCFA induces the chemotaxsis of neutrophil and activates GPR109A, GPR41, and GPR43, which are receptors [16, 43, 53, 58, 76, 88] . Anti-inflammation effects of butyrate include reducing the activities of NF-Kb, inhibiting the generation of interferon γ, increasing PPARγ (peroxisome proliferator-activated receptor-γ; multiplication and transcription factor for beta cells of the pancreas), inhibiting HDAC, and many others [35] . Butyrate is evaluated as a cure for IBD; in research conducted by Hallert., et al (2003) , 20 g of dietary fiber was administered to 22 ulcerative colitis (UC) patients each day for 4 weeks, and it was found that the concentration of butyrate was significantly increased in their feces and the pain of their abdomen was significantly improved [34] . Butyrate facilitates the expression and epigenetic remodeling of pluripotency-associated genes so as to enhance the efficiency of induced pluripotent stem cells. Thus, butyrate promotes the reprogramming of somatic cells of men and induces the reprogramming of wrong cells of patients [5] .
Conclusions
As mankind changed their lifestyle from a nomadic style to a settled one via agricultural developments, their primary diet also changed from a vegetable-based diet to a meat-based diet. In the process, such geriatric diseases as hypertension and diabetes increased, for which there may be several causes, most likely of which is due to an excessive intake of meat and a reduced intake of vegetables. Various animals on this earth use the cellulose of plants and microorganisms in their gastrointestinal tract to generate short-chain fatty acids. SCFA comprise organic acids like acetate (C2), propionate (C3), butyrate (C4), and valerate (C5), and it is the last product generated when microorganisms ferment dietary cellulose, which is not digested in rumen or intestines of herbivores. Although acetate takes a major part in SCFA, important actions of butyrate include inhibiting the activities of NF-kb and HDAC, and having a strong anti-tumorigenic function. When treated with butyrate, with the help of the Bcl-2 family (which comprises pro-apoptotic protein and anti-apoptotic protein), cytochrome c in mitochondria comes out to cytoplasm and activates caspase so as to induce apoptosis, and also coordinates the TNF receptor super-family and inhibits the activities of HDAC, which is involved in gene expression, so as to induce apoptosis [2, 51, 66, 69] . Relying or not relying on p53, butyrate induces cell cycle arrest and apoptosis. Depending on its concentration, butyrate directly acts on p53 or increases the expression of p53, and induces the expression of the target genes (p21, p27, and cyclin dependent kinase) of p53 so as to bring about cell cycle arrest and apoptosis [32, 45, 61] .
Anti-inflammation actions of SCFA include reducing the expression of IL-8, inhibiting the synthesis of NO in intestinal epithelial cells, and inhibiting the activities of NF-kB, which has an effect on cancer generation caused by inflammation [34, 40, 77] . Butyrate facilitates the expression and epigenetic remodeling of pluripotency-associated genes so as to enhance the efficiency of induced pluripotent stem cells. Thus, butyrate promotes the reprogramming of somatic cells of men and induces the reprogramming of incorrect cells of patients [5] . In doing so, butyrate protects intestinal mucous membranes from various substances and plays an important role in maintaining intestinal health since it has an oxidative stress reduction function, an anti-cancer action, and an anti-inflammation reaction. Compared to non-vegetarians, vegetarians take in more fruit and vegetables (which contain a lot more dietary fiber) and eat less of sodium, saturated fatty acids and cholesterol; therefore, they have a reduced risk factor for cardiovascular diseases, since a vegetable diet helps prevent and cure cardiovascular diseases [47, 71, 73, 85] .
A comparison was made of cancer incidence in vegetarians and non-vegetarians, and it was found that the cancer incidence and BMI (body mass index) is usually much lower in vegetarians than in non-vegetarians [49] . In particular, as obese men take an increasing amount of cellulose, the ratio of Firmicutes, which is a microorganism related to obesity, is reduced, and the ratio of Bacteroidetes is increased so that body weight is reduced, resembling the structure for the distribution of microorganisms in intestines of slim men.
Therefore, it is advisable to reduce the intake of meat and consume a more vegetable-based diet, which contains a lot of cellulose, so as to prevent cancers and other geriatric diseases contracted by modern aged people.
